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SECTION 1. SUMMARY 


1.1 BACKGROUND 


The Pasquill stability categories are used to estimate atmospheric 
diffusion. The categories are associated with vertical and horizontal 
aerosol cloud standard deviations at 100 m and their rate of change be- 
yond 100 m. Estimates of the Pasquill category can be made from measured 
values of turbulence, vertical temperature gradient and wind speed; or, 
time of day, season, cloud cover and 10 m wind speed as presented by 
Turner‘!/. The last method is popular since it requires equipment for 
measurement of wind speed only. Use of this method, however, is dependent 
on site characteristics. A further requirement is a steady-state condi- 
tion in the surface boundary layer. First inspection of the data indicates 
that this condition tends to occur only with 10 m wind speeds of 3 m/s or 
more. There have been few studies of what to expect when wind speeds at 
10 m are less than 3 m/s. At times steady-state occurs for wind speeds 
less than 3 m/s and the Pasquill category method can be used. Also, the 
basis of site dependence has not been clearly spelled out. Surface rough- 
ness is one control. Surface albedo and moisture content are two more. 
Net radiometer measurements can be used to estimate the integrated effects 
of insolation, radiation, reflection and absorption. Vertical turbulence 
(of) can be related to vertical temperature gradient and wind speed ‘2>3/ 
Horizontal turbulence (o,) is related to the same parameters plus depth 
of the mixing layer‘4’. Net radiometer and wind speed measurements can be 
used to estimate vertical temperature gradient\> . 


The depth of the mixing layer controls the extent of vertical cloud 
growth. National Weather Service rawinsondes are used to estimate this 
height from the 0500 MST morning rawinsonde and the predicted maximum 
temperature. The afternoon rawinsonde, taken 12 hours later, can be used 
to verify the morning prediction. A recent study‘! of daytime values of 
op showed a relationship between op and the depth of the mixing layer as 
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indicated by the lowest temperature inversion. The extent to which the 
National Weather Service rawinsondes can be used to describe conditions 
over the adjacent countryside remains to be seen. This would be important 
for Dugway since rawinsondes are not routinely taken here. 


1.2 PURPOSE 


The first purpose of this report is to present data collected at Dug- 
way Proving Ground which will make it possible to determine the degree to 
which it is practical to use the Turner‘!/ basis of estimating the Pasquil] 
stability categories. Measurements of On and Of are precise. The Turner 
basis of estimating turbulence is less so. 


The second purpose is to present the data in a form which facilitates 
comparisons between turbulence measurements and the other measured para- 
meters; i.e., Richardson's number (Ri), bulk Richardson's number (BU), 
Monin-Obukhov length scale (L), wind speed, friction velocity (u,), solar 
angle, net radiation, cloud cover and mixing layer depth (h,). 


The third purpose is to present data which makes a comparative study 
of ha possible. Dugway and Salt Lake City rawinsonde data are included 
for that purpose. 


The fourth purpose is to present data which can be used to determine 
the minimum amount of data needed to accurately estimate diffusion and the 
degree to which it is practical to use the Pasquill stability category 
method. 


1.3. DESCRIPTION AND SCOPE OF REPORT 


Turbulence, wind and temperature profiles were collected on a 48 m 
tower for 10 minute periods every data collection hour. Net radiation 
measurements were averaged for half hour periods every hour. Salt Lake 
City rawinsondes were collected for 0500 and 1700 hours local time. Dug- 
way West Vertical Grid morning rawinsondes and afternoon 10 gram pilot 
balloon soundings were collected daily. There were 37 data collection 
days on which tower data were collected to make a total of 578 10-minute 
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periods. The eight week collection period started February 14 and ended 

April 8, 1977. Data were collected from 0900 Monday through 1500 Friday 

each week. Due to power failures and instrument system malfunction, the 

578 periods represent 69.5 percent of the desired data. Dugway West Ver- 

tical morning rawinsondes were taken 35 of the 37 days. Afternoon pilot 

balloon soundings were taken 36 of the 37 days. Additional special Dugway 

West Vertical rawinsondes were taken every three hours on part of four 

days and all of one day. Pilot balloon soundings were taken between raw- 

insondes. The purpose of collecting the three hourly rawinsonde data was 

to make it possible to follow the change of mixing layer depth through the 

day. An additional eight afternoon or evening rawinsondes were taken and | 
can be used to determine the actual Dugway afternoon mixing layer depth. '@ 
After March second, a shortage of army meteorology team rawinsonde opera- 

tors made it impractical to collect both morning and afternoon rawinsondes 

on a routine basis. Salt Lake City rawinsonde data were collected twice 

daily (at 0500 and 1700) for all 37 data collection days. 


Surface observations of cloud cover and height, visibility, tempera- 4 
ture, dew point and present weather were taken at the Dugway Army weather 
station, 21.5 km east-southeast of the West Vertical Tower. 


Methodology for relating the various measured parameters has been 
demonstrated by Panofsky‘#/ and Waldron‘5/. Some of that methodology will 
be presented here. 


All tower data are smoothed. Both observed and smoothed data are 
reproduced. Calculation of the stability parameters; Richardson's number, 
L, and BU are prepared from smoothed data for the lowest three layers, 

Ri is also prepared from observed data for the highest layer. Occasionally, 
when wind speeds do not increase with height to 48 m, the above numbers 
are calculated from observed data through the height of the maximum wind 
speed. Power law exponents are calculated for wind speed and turbulence 
using the smoothed data. 


A comparison of An measurements at Salt Lake airport and at the Dug- 
way West Vertical tower site will indicate the possibility of substituting 
Salt Lake for Dugway estimates of hae 


Methods of calculating turbulence from dimensionless derived data are 
reviewed. The best of these are applicable to all “ites and are designated 
as universal. 


Pasquill stability categories for the observed tower data are calcu- 
lated and tabulated. | 


1.4 SUMMARY OF RESULTS 
Approximately 50 percent of the data collected were associated with 
8 m wind speeds of 3 m/s or more and are suitable for classical profile F | 
analysis techniques. Eight percent of these data are incomplete due to 
the effect of precipitation on the temperature measurements. 
1.5 CONCLUSIONS 
A preliminary scan of the data indicates that 50 percent of it is 4 


suitable for the Pasquill stability category treatment. Light-wind data 
will require a different treatment. 


Presentation of the parameters from which expected turbulence values 
can be derived was straightforward except for times when the positive Ri- 
chardson's number was too large to be meaningful. It is possible that BU 
can be substituted for Ri in these cases. : 


Precise use of rawinsonde data may require a different technique; i.e., 
use of slow-rise balloons, in order to obtain the required temperature 
profile resolution. 


Analysis of these data will determine whether or not simpler, less 
expensive measurements can be substituted for turbulence measurements at 
the West Vertical tower site. It appears that, for low wind speeds, there 
is no adequate substitute for direct measurements of turbulence. + | 
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The collection of cloud cover and net radiation data was completely 
successful. Further analysis will determine the usefulness of these data. 


1.6 RECOMMENDATIONS 


It is recommended that a straightforward analysis of the suitable 
data be performed in an effort to see whether the universal formulae apply. 
For nighttime OF data and for all On data, it may be necessary to develop 
empirical relations which are dependent on the site. Light wind speed 
data require special treatment to determine whether any pattern can be 
discovered. 


The observed afternoon mixing layer depth at Salt Lake City can be 
compared to Dugway wind-aloft data. The possibility of estimating op at 
the West Vertical tower with the help of this mixing layer depth should 
be examined. 
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SECTION 2. DETAILS OF THE REPORT 
2.1 TEST OBJECTIVES 


a. To initiate a data base which will make it possible to relate 
wind speed and temperature profile data to measured turbulence values at 
a desert site. 


b. To obtain data which can be used as a basis of estimating the 
depth of the local mixing layer. 


c. To obtain combined cloud cover and net radiation data which can 
be used to evaluate the Turner basis of determining the appropriate Pas- 
quill stability category. 


2.2 LITERATURE REVIEW 


Most of the past data collection reports for other sites have concen- 
trated on the lowest 16 to 32 m. Few of the reports have included all of 
the data considered necessary for analysis of turbulence in the surface 
boundary layer. One of the most complete reports which included observa- 
tions of turbulence, wind speed and temperature profiles, net radiation, 
cloud cover and rawin reports was the 1957 Great Plains report ‘®/. Rawin 
wing speed and direction were measured to 2000 m every two hours. No 
temperature profiles were measured above 16 m. The mixing layer concept 
was not considered. The measured turbulence values were not very accurate. 
A more recent effort was conducted in Kansas during the summer of 1968‘7?. 
The tower height was 32 m. Turbulence measurements were excellent. The 
instruments used were sonic anemometers. There were no rawinsonde mea- 
surements, no surface observations and no net radiation measurements in 
the published Kansas data report‘??. An interpretation of these data in 
terms of Pasquill stability categories can be seen in a DPG report'>. 

The Wangara data report‘®/ included 16 m tower wind and temperature pro- 
file data, surface observations and Funk net radiometer measurements, but 
no turbulence data. A 1971 White Sands‘%/ report included measurements 
on nine poles of temperature profiles, wind speed profiles and turbulence. 


No measurements were made of cloud cover, mixing layer depth or net radia- 
tion. In September 1973‘10/, 11 daytime collection periods were conducted 
in Minnesota. These data included measurements of turbulence, wind speed, 
wind direction and temperature on a 32 m tower, as well as similar measure- 
ments on a balloon cable up to a maximum height of 1219 m. Slow-rise 
rawinsondes were taken to supplement the other data and to determine the 
top of the mixing layer. The skies were clear and there was a temperature 
inversion on every rawinsonde run to indicate the top of the mixing layer. 
No net-radiation measurements were taken. 


2.3 EXPERIMENT DETAILS 
2.3.1 The Site 


The Dugway West Vertical 48 m tower site is located in relatively 
flat terrain. Variations of the desert area elevations are less than 40 m. 
This flat area extends 50 km in the northwest quadrant. Nine km to the 
southwest there is a mountain ridge oriented in a north to south direction 
and rising to 2131 m. Nineteen km to the southeast is a ridge which rises 
to 1700 m. An extensive mountain range to the northeast is 19 km away 
and rises to a maximum height of 2100 m along a 64 km north-south line 
(see Figure 1). The elevation of the tower base is 1311 m. Grey Molly 
is the primary vegetation in the vicinity of the tower. Grey Molly is a 
desert shrub having a height of 7 to 30 cm and spaced at one-half to one m 
intervals. 


In summary there is a 5 km uniform fetch in the northwest quadrant 
and a minimum 9 km uniform fetch in the other quadrants. Forty-one m 
southwest of the tower is an electronic satellite which is 2.4 m wide, 
2.7 m long and 2.4 m high. See Figure 2 for a ground plan of the site. 
The tower site as shown in Figure 1 passes the micrometeorological test 
of uniform terrain in all directions to a distance equal to 100 times the 
tower height. The ADAS electronic sattelite is an exception and can be 
expected to affect roughness height (z,) and turbulence values for winds 
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Figure 2. Ground Plan of the West Vertical 48 m Tower Site 


10 


TR rterteretetmerrncmenmemennen acid 
ween, 
N 48 m ° \ 
TOWER f a 
100 rr oi | n——>} 
; e ° 
a® \ / 
) ° 
ADAS 0 
ELECTRONIC 12 TOWERS 
SATELLITE 15 METERS HIGH 
NET AND 50 cm IN 
RADIOMETER DIAMETER 


cl lk an A Sl te a a a a lt A A Nat i i a len tN ie NR Pl aaa ve pate 


from the southwest. The 12 towers to the east shown in Figure 2 should 
have a negligible effect on winds from the east. 


A description of the Salt Lake City airport where the National Weather 
Service rawinsonde is taken is omitted here since only a comparison of mix- 
ing layer heights is involved. The comparability of Dugway West Vertical 
and Salt Lake City estimates of the mixing layer depth will be examined 


in this report. 
2.3.2 Instrumentation 


Turbulence measurements were made with four Climet model 014-47 or 
014-48 bivanes mounted at 8, 16, 32 and 48 m. Horizontal turbulence mea- 
surements at 2 and 4 m were made with Climet 014-6 direction vanes. Wind 
speeds were measured with Climet cups, model number 014-102, mounted at 
2, 4, 8, 16, 32 and 48 m. Temperature was measured by aspirated 015-3 
Climet thermistors having an accuracy of plus or minus 0.15° C. Instru- 
ment characteristics are listed in Table 1. The instrument tower dimen- 
sions were 1.2 m by 1.8 m with the long dimension on a north-south line. 
The instrument arms projected east 2.1 m from the south side of the tower. 
Wind speed cups were placed at the outer end of the arm. Wind vanes were 
mounted 0.61 m from the outer end. Aspirator tubes for the thermistors 
were mounted on the northeast corner of the tower with the aspirator open- 
ing facing north. See Figure 3 for details of the tower instrumentation. 
The net radiometer! was placed on a one m post 58 m south of the tower. 
The data were collected on tape at the site, using the Climet Miniature 
Data Acquisition System CI-150 (MINIDAS). The tape was changed manually 
once a day and prepared for reduction by a UNIVAC 1108 computer. 


", Gier and Dunkle type net radiometer manufactured by Teledyne Geotech. 
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Figure 3. 


West Vertical Tower Instrumentation 


i 
/ 
E 
f 
, 
j 
, 
/ 
5 


2.3.3 Data Reduction 


a. Observed Data. Bivane data at 4 and 8 m were collected 10 times 
per second. All other data were collected once per second. Data reduc- 
tion of tower data was for a 10 minute period starting at the hour. Net 


Instrument Characteristics 


Direction 
Vane 


Table 1. 


Wind Speed 


Bivane 


Threshold, m/s 
Damping ratio 
Distance Constant, m 


radiometer data were averaged for a one-half hour period centered at five 
minutes past the hour. Ten-minute means and instantaneous data were used 
to calculate the standard deviations of vertical and horizontal vane angles. 


b. Derived Data. 


(i) Smoothing. In order to facilitate interpretation of the data, 
observed data profiles were smoothed using a least squares fit. technique. 
Power law fit was assumed for wind speed and turbulence. The temperature 
(T) profile was fitted by using a second order polynomial of the form: 


T=at+bz+ cze 
where 
T = temperature in “¢ 


z = height inm 


Richardson's number, 1/L, BU and friction velocity (u, or USTAR, as 
listed in the data) were then calculated by the profile method using the 
smoothed data for the layers 2 to 8m, 4 to 16 m and 8 to 32 m. Observed 
data were used to calculate Ri for the 32 to 48 m layer. Calculated 
power law exponents were: A for horizontal standard deviation, B for 
vertical standard deviation and P for wind speed. 


(ii) Mathematical Formulae. The theoretical formulae used to 
calculate derived data by the profile method are as follows: 


- 9 (aT/az_+ 0.01 
fa (2) 


acceleration of gravity in m/s2 
absolute temperature in % 
wind speed in m/s 

height in m 


% 
/ . 0.74¢(1 - 157) 
Ri = maT 


c= Ri + T5Ri2 (4) 


and 


where 
¢ = 2/L 

The unstable case basis of calculating ¢ in equation (3) is presented 
by Businger‘3/. The stable case basis in equation (4) was formulated by 
Hansen’. It was decided to use this formula because it provides for values 
of Ri as large as one. Turbulence does not disappear for the larger pos- 
itive values of Ri, hence the classical cutoff at Ri = 0.23 does not appear 
to be realistic. 

To test for steady state, u, was calculated from: 


= E(In(/z,) = wls)) fore < 0 


& (1n(z/z,) + 15Ri) for Ri > 0 


igang ch hi lice cea at 
2u.s. Army Electronics Command, Atmospheric Science Laboratory, White 
Sands Missile Range, New Mexico. The Critical Richardson Number, Hansen, 
Frank V., September 1977. 


Equation (6) was developed by Hansen . 


where 
: k = von Karman's constant = 0.35. 
¥i(c) = 2 In((1 + x)/2) + Im ((1 + x?)/2) 
-2tan. x + 1/2 (7) 
x = (1 - 152)4 
: Z, = surface roughness in m 


If u, is constant with height (i.e., not more than 20 percent variation), 
steady state state can be assumed. 


Bulk Richardson's number (BU) is defined by: 
BU = (g/T)(9T/az + 0.01)z2/u2 (8) 
Where the symbol definitions are the same as for equation (2) above. 
Richardson's number can be calculated from BU by using the formula: 
pi = By Wit/%q) - vals) 
where ~, is the same as in equation (7) above and 
¢ = (1 - 18 Ri) for Ri < 0 
| 
\ 


No relationship between Ri and BU has been determined for positive 
values of Ri when z/L is determined by equation (4) or when Ri is greater 
than 0.20. These data can be used to determine the relationship. 


(iii) Surface Roughness. Surface roughness (z,) can be calcu- 
lated from equation (5) by assuming that u, is constant with height. This 

was done using the layers from 2 to 8 m, 4 to 16 m and 8 to 32 m. Rough- 
ness was solved for using each of two pairs of layers. The resulting 
values were averaged. Thirty-two temperature and wind speed profiles 
were used to calculate Zp. The average value was 0.039 m. Inspection 
of the data indicates that u, is essentially constant with height when 
» the 8 m wind speed is 3 m/s or more. This is also true for the night- 

time data for which the new Hansen method of calculating u, was used. 


. 


2.4 DEPTH OF THE MIXING LAYER 


Mixing layer depth is not included in the data presentation because 
of the controversial nature of that quantity. Mixing layer depth is 
needed to determine the vertical extent of cloud growth. The National 
Weather Service publishes forecasts of the afternoon hi, every day for all 
United States rawinsonde locations. This height is calculated by fore- . 
casting the maximum temperature and following the dry adiabat on a raw- 
insonde chart (skew-T) until the observed temperature profile is inter- 
sected. The height of the intersection is the forecast esac layer 
depth. The observed afternoon value of ho can be determined from the 
lowest temperature inversion or the height at which the virtual potential 
temperature increase with height reaches a maximum. Twenty Salt Lake 
City rawinsonde morning estimates of Dn were prepared from the data in 
this report. Observed afternoon maximum temperatures were used for this 
purpose. These forecasts were compared to the value of hn obtained from 
the afternoon rawinsonde. The correlation between the morning estimate 
and the afternoon observed value was 0.66. Seven Dugway afternoon rawin- 
sondes were used to determine the observed value of he at the Dugway West 
Vertical tower. The correlation between these values and corresponding 
hi for Salt Lake was 0.76. This at least indicates a possibility that 
the Salt Lake City rawinsondes can be used to estimate Dugway mixing layer 
heights. 


In the Minnesota trials(!9) slow-rise rawinsondes were used. Temp- 
erature inversions appeared in the planetary boundary layer on every after- 
noon observation. This was not true of the Dugway or the Salt Lake 
rawinsonde data. A change in technique may be indicated for the required 
resolution. 


2.5 UNIVERSAL METHODS OF ESTIMATING VERTICAL AND HORIZONTAL TURBULENCE 


There has been a large amount of theoretical research on the problem > 
of relating turbulence to other parameters. The parameters usually 
treated are standard deviation of vertical wind speed (o,) and the stand- 
ard deviation of the lateral variation of the horizontal wind speed (o,). 


16 


es 


apy 


, 
ee 


A universal formula is a dimensionless one which can be applied to surface 
boundary layer steady-state data taken anyplace. Interpretation in terms 
of data in this report follows: 
ow * ofl 

and 

Oy = Ou 
where OF and O, are in radians 

Ur oO, and 0, are in m/s 
A proposed universal formula for the unstable case follows: 


oy/Ux = 2(2/-L)'/ 


(3) 


This formula is presented by Businger’~’. 


Another unstable case formula is presented by Panofsky (4) and is 


as follows: 
o,/Uy = 1.3(1 + 3 z/-L)'/3 


A proposed universal formula for o, as presented by Panofsky ‘*) is: 


oy/Ug = (12 + 0.5 h,/-L)'/3 (9) 


where ha is the height of the first inversion. 
Equation (9) agrees well with observations at several sites and with wind 
tunnel data during a near-neutral stability condition(!!), This equation 
also agrees well with laboratory studies by Willis and Deardorff V2 for 
large values of h,/-t- 


Friction velocity can be calculated from the temperature and wind 
speed profiles as can L. Equation (3) above indicates the relationship 
of z/L to Ri. Equation (8) shows the relationship between Ri and BU. 
BU can be calculated from the vertical temperature gradient and wind speed. 
The parameter most difficult to determine in equation (9) is ba Precise 
measurement of this quantity by means of rawinsonde might cost as much 
as the direct measurement of Tp: New remote sensing techniques may re-~ 
duce that cost. 
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2.6 PASQUILL STABILITY CATEGORIES FOR THE OBSERVED TOWER DATA 


Turner (1) formulated a method of choosing a net radiation index 
from cloud cover, solar angle and time of day. His results appear in 
Table 2. This index and the 10 m wind speed can be used to determine 
the Pasquill stability catagory! !??. The basis of this determination is 
seen in Table 3. Cloud cover, wind speed and solar angle were used to 
classify the Pasquill category for the Dugway data using the measured 
wind speed at 8 m. Results appear in Table 4. . 


2.7 DATA PRESENTATION 


The West Vertical tower data? appear in Appendix A, Dugway West Ver- 
tical rawinsondes and pilot balloon winds aloft data appear in Appendix 
B, special three-hourly rawinsonde and pilot balloon data plus a few 
afternoon rawinsondes for Dugway appear in Appendix C. Salt Lake City 
rawinsonde data appear in Appendix D. In order to assist in the deter- 
mination of the depth of the mixing layer, mixing ratio and potential 
virtual temperature were calculated for both the Dugway and Salt Lake 
City rawinsondes. 


3n limited number of copies of graphical representation of the observed 
tower data are available from Meteorology Branch, MT-DA-M, Dugway Proving 
Ground, Dugway, Utah 84022. ° 
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Table 2. 


Solar Angle: < 15° 


Table 3, 


Wind Speed 
(m/sec 


Cloud Cover (1/10) 
Cloud Height (100m) 


da Nighttime is defined as the period from 1 hour before sunset 


Net Radiation Index 


Cas. = = =F 
< 21 21-49 


2 
1S. ae 
0 
35 - 60 
> 60° 


to 1 hour after sunrise. 


Pasquill Stability Category as a Function of Net Radiation Index 
and Wind Speed 


Net Radiation Index 
3 2 1 0 -1 -2 
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SECTION 3. APPENDICES | 


APPENDIX A. FORTY EIGHT-METER TOWER DATA, DUGWAY PROVING GROUND 


1. Definitions of symbols used in Appendices A through C. 


A Exponent for SIGA power law profile 
B Exponent for SIGE power law profile 
j é BU Bulk Richardson's number 
DPG Dugway Proving Ground 


DPGWV Dugway Proving Ground West Vertical Grid 
DTH/DZ Vertical gradient of potential temperature, °C /m 
DU/DZ Vertical gradient of wind speed, sec” 


MR Mixing ratio, gm/kg 

P Exponent for WS power law profile 

Ri Richardson's Number 

SIGA Standard deviation of horizontal angle, degrees 

SIGE Standard deviation of vertical angle, degrees 
TEMP Temperature, °C 
| TH Virtual potential temperature, degrees K 

U Wind speed, m/s 

USTAR Friction velocity, m/s 

WD Wind direction, degrees 

WS Wind speed, m/s 


2. Complete 24-hour data were not obtained for each day of the 40- 
day collection period because of precipitation effects, power failures 
and instrumentation system malfunction. 


3. Explanation of observed data table: (a) After Richardson 

| » Number the figures in parentheses, (4M), (8M), (16M) and (39.192M) are © 

‘| the geometric mean heights of the layer for which the number was calculated. 
(b) The minus (-) before CLD (TENTHS) means thin; i.e., -8 means 8 tenths 
of thin clouds. 
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: DATE 14/02/77 TIME 15:00:00 : 
H WEATHER H 
= TEMP DEG C 10.5 : 

: DEw POINT DEG CC -3.3 : - 
¢ VISISILITY (MI) 70 : 
CLC (TENTHS) <:LOw MIO HI -4 TOTL 43 
CLO HT (M) : LOw MID HI 6097 : 

EXPONENTS : A= -.12 B= 218 P= «10 : . 
j NET RADIATION 21.35 MW/CM2 $ 
RICHARDSCN NOo? (44) -.14 (8M) —-. 410 16M) -.86 : 
: (39.192M) (OBSERVED DATA): 
(1/LI*1O0 = (4M) -.40 (8M) -.55 (LOM) -.58: 
USTAR = (4M).3937 (8M).3897 (16M).3871: 
| : wd WS TEMP SIGA SIGE : 
FEIGHT (M) <s(DEG) (M/S) (CC) (DEG) (DEG: 
1. $ 10.24 : 
ce 3: 356.6 4.30 10.03 10.9 : 
4e : 4.85 9.69 2 
8. : 353. 5.28 9.43 10.6 66+? 
16. 2 343. 5265 9.20 9.9 6eT: 
32.6 : 5.90 8.92 

{ 48. : 350. 5.9% 8.65 7.2 8.7: 


z WS TEMP SIGA SIGE °: 

HEIGHT (M) (M/S) (Cc) (DEG) (DEG) : 

1.0 3 4-16 10.04 12.7 4.3 °: 

2-0 : 4246 9.97 LL.7 4.8 : 

4.0 : 4.78 9.84 10.7 oe a 

8.0 3 5213 9.6L 9.9 602 : 

16.0 : 5.50 9.22 9el 7.0 ? 

32.0 $ S90 8.76 8.3 729 + 

48.0 : 6.14 8.71 7.9 8.5 3: 

| : OU/0Z OTH/DZ 8U*100 RI : 

4 4.0 : e1lll4 -.0500 -.e121 -.Ol : 

i 8.0 : 20597 -.0418 -.352 -.20 : 
16.0 2 20320 -.0255 -.749 -.69 : . 

39.2* 3 20025 -.0069 -1.0%8 254 


* OSSERVED DATA 
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OBSERVED DATA 


DATE 03/03/77 TIME 22:00:00 
WEATHER 
TEMP DEG C 0.6 
DEw POINT DEG C -6.3 
VISIBILITY (MI) 25 
LOW oO MIO LO HI 0 ToT. LO 
LOW MID 3660 HI 
A= ~.26 B= -.07 P= 20 
-3.63 MW/CM2 
(4M) .02 (8M) .05¢(16M) .10 
(39.192M) 1.27 (OBSERVED DATA): 


CLO (TENTHS) 
CLO HT (M) 
EXPONENTS 

NET RAOLTATION 
RICHARDSON NO. 


© ee *6 ce 46 se of 06 #2 ce se 


(1/L)*10 (4M) .07 (8M) .LL (LOM) .L6: 
USTAR (4M).2435 (8M).2270 (16M).2109: 
s wD WS TEMP SIGA SIGE =: 
HETGHT (M) s{DEG) (M/S) (Cd) (DEG) (DEG)?! 
l. : -.21 
26 : 309. 2-70 ~1l2 8.5 H 
4e : 298. 3.75 -.07 7.6 : 
8. > 304. 4.02 eOL 7.2 4.3: 
L6. : 294%. 4.79 -.08 5.8 3.3: 
32. : 293. 5216 -.20 4o4% 3-53 
48. : 303. 5.35 -.28 3.7 3.73 
LEAST SQUARES FITTED DATA 
be WS TEMP SIGA SIGE : 
HEIGHT (M)~ 3 (M/S) (Cc) (NEG) (DEG) 
1.0 : 2259 -.1l2 11.0 4-6 : 
2-0 : 2-98 -.1l2 9.2 404% : 
4.0 : 3-43 -.10 ToT 4.2 : 
8.0 : 3294 -.09 6.4% 4.0 : 
16.0 : 4.53 -.08 5.4% 3.8 : 
32.0 : 5e21 -.14 4.5 3.6 : 
48.0 : 5.66 -.31l 4.0 3.5 3 


=a 


4.0 2 .L601L 20143 2070 «00 + 
8-0 : 20920 «0122 el8l -00 3 
16-0 : .0529 .0080 2357 200° ¢ 
39.2% : .04L9 .0050 1.002 Pee ak 


SSS A A LS SS et OS SS a 


‘ * OBSERVED DATA 


A-68 


/ pD-A04%9 036 ARMY DUGWAY PROVING GROUND UTAH 4/2 
URBULENCE MEASUREMENTS ON A FORTY=EIGHT METER TOWER IN DESERT a 


T 
OCT 77 A W WALORON 
UNCLASSIFIED 
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16. : 155. 5.25 14.74 8.9 6022 
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39.2* 3 0094 -.0038 - 624% -.73 : 
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GBSERVED DATA 


NET RADIATION 
RICHAROSON NO. 


(L/L)*10 (44) ~.07 (8M) -.09 (16M) -.10: 

USTAR (4M).8932 (8M) .8642 (16M).8519: 

: =#4WD wS TEMP SIGA SIGE : 

HEIGHT (M4) <3(DEG) (47S) (Cd) (DEG) (CEG): 

1. : 3219 : 

2e 3: 349. 10.25 2.93 9.4 $ 

4. > 340. 11.78 2.61 9.2 3 

8. 2 350. 13.04 2.34 8.4 4.7: 

16. 2 337. 1412 1.89 7.9 4.2: 

32s 2 333-2 14.36 1.49 8.3 4.0: 

48. : 350. 1.18 8.0 4.43 
LEAST SQUARES FITTED CATA 

; WS TEMP SIGA SIGE : 

HEIGHT (MM) : (M/S) (c) (OEG) (DEG) =: 

1.0 3 9.76 3-00 9.7 5.0 : 

2.0 : 10.63 2.91 9.3 4.8 : 

4.0 3 11.58 2.75 9.0 4.7 : 

8.0 3 12.61 2-45 8.7 4.5 3 

16.0 $ 13.74 1.95 8.3 4.4 3 

32.0 3 14.97 1.33 8.0 G2 2 

48.0 3 15.74 1.24 7.9 4el 3: 

: OU/0Z ODTH/DZ BU*100 RI 3 

4.0 3 23306 - 0668 -.028 -.02 3 

8-0 2 eLBOL -.0567 -.081 -.06 3: 

1620 : 20981 -.0365 -176 -e1l@ 3 

3922* = «0859 -.0094 -.229 -e19 


WEATHER BD : 

; TEMP DEG C 2.2 : 
DEW POINT DEG C ~8.3 : 

VISUBILITY (MI) 1.5 : 

CLO (TENTHS) :LOw 10 MID HI TOTL 10 : 
CLD HT (™) LOw 1220 MID HI : 
EXPONENTS A= -.05 B= -.05 P= .12 : 


DATE 10/03/77 TIME 12:00:00 


32.66 MW/CM2 
(4M) ~.02 (8M) —.06(16M) -.14 
(39.192M) -.05 (OBSERVED DATA): 
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CLC (TENTHS) = =L Ow MID HI TOTL 0: | 

CLD HT (M) > LOw MID HI : 
EXPONENTS : A= -.02 B= «16 P= .116** : 
NET RADIATION : 26.65 MW/CM2 : 
RICHARDSON N3.? (4M)~-1,83* (8M)-.60* (16M) -62.1 2 
2 (39.192M) -.87 (OBSERVED DATA): 
(1/L)*10 : (4M2~-4.85* (8M) -.809* (16M) -40.6 
USTAR > (4M) .1645* (8M) .1228* (16) 2622 : 


: WO ws TEMP SIGA SIGE : 
FEIGHT (M)} 3{0EG) (M/S) (CC) CDEG) (DEG): 
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1. 3 11.00 $ 
2e : 5 1-35 10.89 59.6 : 
4e : 358. 1-50 10.50 58.3 $ 
8. = 346. 1.56 10.44 59.2 22.1: 
Lé. : 348. 1-72 10-631 54.3 21.0: 
32. 5 346-6 1.62 9.9L 536% 2264: 
48. : 317. 1.46 9.71 57.6 30.8: 


_ ws TEMP SIGA SIGE : 
FEIGHT (MM) : (M/S) (C) (DEG) (DEG) : 


1.0 : 1-41 10.85 60.4 14. 
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=| 4.0 : 1.48 LO«7TL 5864 18-6 
| 8.0 : 1.5L 10.54 57.4 206 
eS 16.0 2 155° 10025 = 56.5 22s 
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| 48.90 : 1.61 9.73 55.0 Zist 
| : DU/DZ DTH/DZ BU*1L00_ RI 
; { 4.0 2 20120 -.0338 -.854%  -.07 
4 4 8.0 : 20062 -.0286 -2.761 -.43 
; 16.0 : 20032 -.0184 ~6.765 -6.52 
; Ed 39.2% H -.01L00 -.0025 -5.549 -64.66 
2 a rr eee 
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OBSERVED CATA 


Te ee De eee 


DATE 24/03/77 TIME 04:00:00 
WEATHER ®W- 


CLO (TENTHS) 
CLO HT (M) 
EXPONENTS 

NET RADIATION 
RICHARDSON NOe 


(1/L)*LO (44) 6.39 (8M) 7.35 (16M) 9.10 

USTAR (44) .1511 (8M).1259 (16M) .1005 

: WO WS TEMP SIGA SIGE : 

FEIGHT (M) s(DEG) (M/S) (Cd) (DEG) (DEG): 

le : : 

2 ¢. S25. 3.88 3.47 7.22 s 

4e ae 4.50 3632 666 : 

8. ¢ “80s 5.09 5.7 84.52 

16. % 45. 5.85 6.93 562 3.73 

32-6 : 17. 6066 4.2 3e : 

48. $< “P45 T.16 4.7 > 335 
LEAST SQUARES FITTED DATA 

: WS TEMP ** SIGA SIGE : 

FEIGHT (M) 3 (M/S) (Cc) (DEG) (DEG) : 

1.0 : 3.42 1.67 8.7 7.7% 

2-0 : 3.91 2.91 7.5 604 3 

4.0 $ 4.46 4.16 6.5 5.4 3: 

8.0 $ 5.10 5.40 5.6 4.5 3 

16.0 : 5.82 6.65 4.9 57-2 

32.0 : 6265 7.90 402 co. 

48.0 : 7.19 8.63 3.9 208 ¢ 

: DU/DZ DTH/DZ BU*100— RI : 

4.0 : 1986 ..4250 1.208 : 

B.0 $ 8135 2175 1.883 2 

16.0 2 20643 =. 1142 3.023 : 

39.2 : 0313 : 


(39.1L92M)*e*** (OBSERVED DATA) 


TEMP DEG C 2.8 : 

DEw POINT DEG C 0.0 : 
VISIBILITY (MI) 10 : 
LOw 10 MID HI TOTL 10: 
LOw 1525 MID HI ‘ 
A= -.e21 B= -.26 P= .19 : 
-LLe23 MW/CM2 : 

(4M) .38 (8M) -.59 (16M) .95 : 


eK 
Least squares 


fit of log height vs. linear temperature 
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OBSERVED CATA \q 


: DATE 25/03/77 TIME 15:00:00 : 

: WEATHER 3 

i TEMP DEG C 6.7 ; 

: ODEw POINT DEG C -1.7 : 

: VISIBILITY (41) 30 3 

CLO (TENTHS) :LOw 8 MID HI TOTL 8: i 

CLE HT (M) : LOW 1830 MID HI : \7 

EXPONENTS 2 A= -.12 B= 22% P= = .0Q** : 3 

NET RADIATION : 41.66 MW/CM2 : 14 
RICHARDSON NO.w: (4) -2,.09* (8M)-1.91*(16M)-75.5 3 
a : (39.1L92M)*exxe (OBSERVED DATA): 
(1/L)*10 : (4M) -5.52* (8m) -2.50* (16m)-49.4 : 
USTAR : (4m) .1843* (8M) .1665* (16M).3230 = 
: WD WS TEMP SIGA SIGE : 
FEIGHT (M) <:(DEG) (M/S) (CC) (DEG) (DEG): 
le : 6.27 3 
2. > 154. 1-62 6.08 21.5 : 
4. 2 142. 1-64 5270 20.9 2 

Be : 133. t.84 “S.54 19,.8.-b5.4 

1é. ¢ 435. 1.85 5.38 19.2 12.03 | 

32. ae ee 1.78 5.20 16.5 16.2: 
48. : 115. 1.74 4.97 14.5 18.52: 


WS TEMP SIGA SIGE 
(M/S) (Cc) (DEG) (DEG) 


4.0 : eOLLL -.0386 -.7156 -.02 : 
8.0 : 0056 -.03L7 -2.390 -.32 3 
16.0 s 20029 -.0180 -5.207 -3.90 : 
39-2* 2 -2.0025 -.0044 -7.623 -23.51 3: 


* OBSERVED DATA ** QBSERVED DATA 
~ FOR 2-16M 
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OBSERVED oars 


(4M) -.06 (8M) ~.17016M) ~.35 
(39.192M) -.50 (OBSERVED DATA): 
(4M) -218 (84) —-.24 (16M) -.24: 
(4M).3487 (8M).3461 (16M) .3472: 


RICHARDSCN NO. 


(1/L)*10 
USTAR 


: DATE 28/03/77 TIME 15:00:00 :; 
2 WEATHER : 
: TEMP DEG C 2-8 3 
: O&W POINT DEG C -13.9 - 
¢ VISIBILITY (MI) 20 : 
CLD (TENTHS) :tLOw 10 MID HI TOTL 10:3: 
CLO HT (M) : LOw 1830 MID HI : 
EXPCNENTS : A= --LL B= -.02 P= .14 3 
NET RADIATION 3° MW/CM2 2 


: WO WS TEMP SIGA SIGE 3; 
FEIGHT (M) <:€DEG) (M/S) (C) (O0EG) (DEG): 


le : 1-08 $ 
2e 3: 287. 4.00 97 18.3 : 
4. 2 279, 4.25 °54 16.2 : 
8. 2 272. 4.97 254 15.8 5.93 
16. : 280. 5.57 e3L 154 4.83 
32. : 283-6 521% 08 13-3 5.8: 
48. : 6.06 -.17 : 


ee ee © we oe oe eee es Oe ew eee wo eee woe oeoe eee oe wee oe oowoooro=. 


3 WS TEMP SIGA SIGE : 

FEIGHT (M) (M/S) (Cc) (OEG) (DEG) : 
1.0 $ 3.64% 092 20.0 5.7 : 

2.0 3 4.01 287 18.5 5.7 3 

4.0 3 4.40 278 17.1 5.6 3: 

8.0 3 4.84 061 15.9 5.5 3 
16.0 3 5.32 233 14.7 565 863 
32.0 3 5.84 -.03 13.7 564 863 
48.0 3 6.18 -el2 13.1 504 3 


4.0 3: 1387 -.0329 -.097 -.03 °: 
8.0 3 00762 -.0276 -.270 -.17 3 
16.0 > 20419 -.0170 -.550 --51 3: 
39.22* 3 a -.0056 --895 -1.74 3: 


* OBSERVED DATA 
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APPENDIX B 


RAWINSONDE AND PILOT BALLOON DATA 
DUGWAY PROVING GROUND 


Note 
Rawinsonde data were obtained during the morning 
hours and the pilot balloon data were obtained 
during the afternoon hours. 
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CATE TIME PLACE 
14/02/77 15:00:00 OPGWV 
HGT. WIND DIR WIND SPEED 
(mM) (CEG) (M/S) 
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146. 357.0 705 
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DATE TIME PLACE 
15/02/77 15:00:00 OPGHV 
) HGT. WIND DIR WIND SPEED 
(M) (DEG) (M/S) 
766 37.0 3.2 
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259. 358.0 1el 
314. 237.0 o2 
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NATE TIME PLACE 
16/02/77 15:00:00 OPGwWV 


HGT. WIND DIR WIND SPFEND 


(M) (DEG) (M/S) 
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PILOT BALLOON DATA 


DATE TIME PLACE 
17/02/77 =15:00:00 DPGWV 
HGT. WIND DIR WIND SPEED 
(M) (0EG) (M/S) 
76. 332.0 4.0 
146. 335.0 4.0 
204. 353.0 2.9 
259. 14.0 3.3 
314. 17.0 4.0 
369. 21.0 4.2 
424. 27.0 4.5 
419. 27.0 4.5 
533. 23-0 4.0 
588. 12.0 3.8 
643. 359.0 4.3 
698. 3490 4e9 
753.6 346.90 5.1 
808. 339.0 4.5 
863. 329.0 404% 
918. 319.0 4.5 
972. 309.0 5-0 
1027. 300.0 53 
1082. 294.0 5.2 
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1192. 299.0 6.3 
1247. 300.0 6.8 
1302. 302.0 7.3 
1356. 300.0 7.4 
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L741. 298.0 4e% 
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1851. 289.0 5.6 
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1960. 295.0 6.3 
2015. 297.0 6.8 
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DATE TIME PLACE 
18/02/77 15:00:00 OPGWV 
HGT. WIND DIR WIND SPEED 
(M) (DEG) (M/S) 


2.5 
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CATE TIME PLACE 
24/02/77 16:00:00 DPGWV 


HGT. WIND DIR’ WIND SPEED 
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PILOT BALLOON DATA 


DATE TIME PLACE 

08/03/77 13200:00 DPGWV 
WIND DIR WIND SPEED 

(0EG) (M/S) 

T66 32.0 
146. 32.0 
204. 29.0 
259. 22.0 
314. 23.0 
369. 19.0 
424. 7.0 
479. 354.0 
533. 353.0 
588. 344.0 
643. 343.0 
698. 342.0 
153.6 344.0 
808. 344.0 
863-6 342.0 
913. 335.0 
G72. 325-0 
1027. 319.0 
1082. 314.0 
1137. 312.0 
1192. 310.0 
1247. 310.0 
130?. 314.0 


1356. 314.0 
L4lle 314.0 


1466. 323.0 
1521. 303.0 
1576. 283.0 
1631. 278.20 
1686. 276.0 
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PILOT BALLOON DATA 


DATE TIME PLACE 
09/03/TT 16:00:90 DPGWV 


HGT. WIND DIR’ WIND SPEED 
(0EG) 


5.9 
8.5 
3.3 
2.5 
760 
8.0 
7.0 
5.0 
344 
7.0 
2.9 

2 


Note: Radiosonde data for the morning of 10/03/77 was 
not obtained. 


PILOT BALLOON DATA 


DATE TIME PLACE 
10/03/77 13:00:00 DPGWV 


HGT. WIND DIR WIND SPFED 
(M) (DEG) (M/S) 
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PILOT BALLOON DATA 


DATE TIME PLACE 
LL/03/77 15:00:00 OPGWV 


HGT. WIND DIR’ WIND SPEED 


; (Mm) (DEG) (M/S) 

16, 339.0 5.2 

i 146. 339.0 2.8 

204. 343.0 ie 

259. 351.0 3.0 

314. 348.0 3.3 

369. 349.0 4e2 

ree 351.0 5.2 

4796 352.0 4.5 

533. 355.0 3.8 

588. 359.0 5.1 

643. 4.0 6.6 

698.6 4.0 5.5 

153. 2.0 4.5 

808. 6.0 4el 

8636 12.0 “a7 

918. 16.0 &a7 

972. 17.0 hat 

1027. 20.0 5.5 

1082. 23.0 5.1 

1137. 8.0 428 

1192. 15.0 5.0 

1247. 12.0 5.5 

1302. 5.0 6.4 

| 1356. 5.0 720 

1411. 19.0 8.0 

| 1466. 26.0 8.9 

1521. 26.0 10.0 

1576. 26.0 11.0 

1631. 27.0 13.0 

| 1686. 27.0 13.2 

S| 1741. 22.0 13.0 

1796. 25.0 15.0 
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PILOT BALLOON DATA 


DATE TIME PLACE 
14/03/77 13:00:00 oPcwy 
HGT. WINO DIR WIND SPEED 
im) (DEG) (M/S) 


4 
3 
4 
5 
4 
3 
2 
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5 
4 
2 
2 
2 
l 
2 
3 
5 
4 
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PILOT BALLOON DATA 


DATE TIME PLACE 
15/03/77 15:00:00 OPGWV 
HGT. WIND DIR WIND SPEED 
(Mm) (DEG) (M/S) 

76. 185.0 504 
146. 186.0 4.3 
204. 190.0 3.8 
259. 193.0 5-8 
314. 191.0 ° 
369. 189.0 ° 


424. 180.0 
419. 172.0 
533. 178.0 
588. 188.0 
643. 180.0 
698. 179.0 
7536 183.0 
808. 185.0 
863. 187.0 
918. 183.0 
972. 180.0 


L027. 175.0 
1082. 174.0 
1137. 172.0 
L192. 162.0 
1247. 162.0 
1302. 170.0 
1356. 183.0 
1411. 188.0 
1466. 196.0 
1521. 199.0 
1576. 197.0 
1é31. 196.0 
1686. 199.0 
1741. 217.0 
1796. 224.0 
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PILOT BALLOON DATA 


DATE TIME PLACE 

16/03/77 15:07:00 DPGWYV 
HGT. WIND DIR’ WIND SPEED 
(M) (CEG) (M/S) 
166 9.0 3-9 
146. 5.0 2-8 
204. 359.0 1.2 
259-6 243.0 

314. 202.0 

369. 205.0 

424. 215.0 

479. 216.0 

533. 2¢8.0 

588. 201.0 

643. 196.0 

698. 196.0 

753.6 197.0 

808. 200.0 

863. 203.0 

918. 202.0 

9712-6 201.0 

L027. 201.0 

1082. 203-0 

L137. 2€5.0 

L192. 207.0 

1247. 212.0 

1302. 214 .0 

1356. 218.0 

1411. 218.0 
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PILOT BALLOON DATA 


CATE TIME PLACE 
17/03/77 13:30:00 OPGWYV 


HGT. WIND DIR WIND SPEED 
{ (M) (DEG) (M/S) 


76. 319.0 
146-6 322.0 
204. 323.0 
259-6 319.0 
314. 319.0 
3696 319.0 
424. 320.0 
479.6 323.0 
533 322.0 
588. 321.9 
643. 319.0 
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698. 321-0 LL.8 
1536 325.0 10.2 
808. 325.0 9.4 


863. 326.0 
918. 326.0 
$72. 325.0 
1027. 321.0 
1082. 317.0 
1137. 310.0 
1192. 305.0 
1247. 305.0 
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PILOT BALLOON DATA 


CATE TIME PLACE 
18/03/77 15:00:00 DPGWV 


~~ ee eee owe Oe oe ew oO ee Oe oe oe we oe: 


tGT. WIND DIR’ WIND SPEED 


(M) (DEG) (M/S) 
Tb. 5.0 2.2 
146. 336.0 2.6 
294. 325.0 3.5 
259. 325.0 364 
314. 334.0 2.0 
369. 332.0 3.0 
424. 320.9 3.1 
479. 321.0 3.1 
533. 305.0 3.8 
588. 300.0 4.5 
643. 318.0 4.8 
698. 307.0 5.5 
753. 298,30 6.0 
808. 298.0 5.5 
| 863. 295.29 5.2 
918. 287.0 5.2 
S72. 281.0 5.5 
1027. 281.0 5.5 
1082. 276.0 5.6 
1197. 27429 602 
1192. 275.0 7.0 
1247. 280.0 7.3 
1302. 281.0 8.5 
1356. 281.20 9.5 
L411. 284.0 9.5 
1466. 286.0 9.5 
1521. 285.9 1166 
1576. 286.0 11.2 
1631. 288.0 10.6 
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PILOT BALLOON DATA 


DATE TIME PLACE 
21/03/77 15:01:00 DPGWV 


HGT. WIND OIR WINO SPEED 


(mM) (DEG) (M/S) 

76. 140.0 8 

F | 146. 137.0 1.0 
204. 117.0 Lel 
2596 121.0 04 

314. 292.0 06 

369. 291.0 5 

424. 329.0 9 

479. 340.0 1.7 

533. 319.0 1.4 

588. 294.0 1.7 

643.6 301.0 2el 

698. 308.0 2.8 

753. 311.0 322 

808. 314.0 32 

863. 314.0 el 

918. 319.0 20 
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PILOT BALLOON DATA 


DATE TIME PLACE 
22/03/77 15:00:00 DPGwv 


HGT. WIND DIR WIND SPEED 
(M) (DEG) (M/S) 
T6. 132.0 
146. 141.0 
204. 145.0 
259. 144.0 
314. 141.0 
369. 139.0 
424. 138.0 
479. 144.0 
533. 149.0 
588. 151.0 
643. 155.0 
698. 152.0 
753.6 141.0 
808. 135.0 
863. 135.0 
918. 141.0 
972. 141.0 
L027. 157.0 
1082. 334.0 
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Sig 


Rikmass oo ee 


DATE 
23/037 


HGT. 
(mM) 


76. 
146. 
204. 
259.6 
314. 
369. 
424%. 
479. 
533. 
588. 
643. 
698. 
753. 
808. 
863. 
918. 
972. 


PILOT BALLOON DATA 


TIME PLACE 

77 «15221200 OPGWYV 

WIND OIR WIND SPEED 
(0EG) (M/S) 
196.0 9-5 
200.0 4-8 
198.0 7-0 
198.0 12.0 
199.0 14.0 
199.0 16.2 
200.0 18.5 
200.0 20-0 
200.0 20.0 
200.0 19.8 
201.0 17.0 
201.0 14.0 
202.0 11.9 
203.0 14.0 
202.0 18.9 
201.0 16.8 
209.0 LL.0 
223.0 8.0 


1027. 


Note: Radiosonde data for the morning of 24/03/77 was 
not obtained. 
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PILOT BALLOON DATA 


DATE TIME PLACE { 
/ 24/93/77 15211290 OPGaV 


HGT. WIND DIR WIND SPEED 


(m) (0EG) (M/S) 
766 2.0 5.2 
146. 355.0 5.0 
204. 353.0 3.9 
259. 354.0 3.6 
314. 354.0 3.5 
369. 355.0 2.5 
424. 358.0 2.3 
479. 10.0 3.5 
533. 21.0 3.9 
Sea. 22.0 3.9 
€43. 20.0 4.2 
693, 22.0 4.0 
753. 22.0 3.6 
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PILOT BALLOON DATA 


DATE TIME PLACE 
25/03/77 14:56:00 DPGWV 


HGT. WIND DIR WIND SPEED 


(M) (DEG) (M/S) 
| Yo. 31320 Ss 
ies. 324.0 ae 

204. 13.0 “i 

2596 345.0 .8 

314. 2520 el 

369. 69.0 4 

424. 45.0 a 

4196 23.0 wr 

533. 17.0 = 

588. 10.0 

643. 17.0 

6986 9.0 

753. 8.0 

808. 420 


1 
l 
l 
2 
3 
3 
4 
4 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
4 
3 
3 
3 
3 
3 
3 
3 
3 


863. 360.0 
918. 360.0 
S72. 359.0 
1027. 355.0 
1082. 354.0 
1137. 354.0 


1192. 2.0 
1247. 3.0 
1302. 220 
| 1356. 2.0 
1411. 1.0 


1466. 357.0 

1521. 354.0 

1576. 348.0 
| 1631. 348.0 
1686.6 343.0 
1741. 330.0 
' 1796. 317.0 
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PILOT BALLOON DATA 
DATE TIME PLACE 

28/03/77 15:07:00 DPGWV | 

, HGT. WIND DIR WIND SPEED | 

| (M) (DEG) (M/S) 

7. 309.0 6.8 | 

146. 306.0 9.2 
204.6 29320 8.8 

2596 293.0 8.5 
314. 299.0 6.9 
3696 296.0 4.8 

424. 29520 27 | 3 

479. 297.0 2.8 4 

533. 304.0 5.0 4 
588. 306.0 8.0 
643-6 306.0 9.0 
698. 308.0 9.5 
753. 309.0 92.0 
808. 314.0 8.5 

863. 3216.0 9.0 

918. 317.0 8.9 ! | 

972. 321.0 7.5 ie 

1027. 320.0 7.5 '4 

1082. 317.0 7.9 | 
LL37~ 317.0 6.0 
1192. 318.0 5.0 
1247. 319.0 6.0 
1302. 323.0 7.5 
1356. 323.0 6.9 
1411. 323.0 5.8 

1466. 324.0 5.0 | 

152l. 325.0 4.8 
1631. 318.0 8.0 

7 1686. 317.0 8.0 7 
az L741. 315.0 7.5 
1796. 315.0 7.0 
1851. 315.0 7.5 
| 1905. 315.0 V7 
7.8 
2015. 313.0 7.0 
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AD-A049 036 ARMY DUGWAY PROVING GROUND UTAH F/6 4/2 
TURBULENCE MEASUREMENTS ON A FORTY“EIGHT METER TOWER IN DESERT =-ETC(U) 
OCT 77 A W WALORON 
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MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS 1963-4 


Note: Pilot Balloon Data for the afternoon of 29/03/77 
was not obtained. 
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PILOT BALLOON DATA 


DATE TIME PLACE 
SORNS ETS 13:00:00 ae 


HGT. WIND DIR WIND SPEED 


(Mm) (DEG) (M/S) 

76. 19.0 le 
146. 3.0 26 
204. 360.0 le 
259. 49.0 le 
314. 62.0 le 
369. 34.0 e 
424. 43.0 e 
479. 42-0 ° 
533. 33.0 e 
588. 49.0 ° 
643. 69.0 ° 
698. 103.0 e 
753. 97.0 e 
808. 104.0 ° 
863. 100.0 ° 


918. 128.0 
972. 156.0 
1027. 129.0 
1082. 127.0 
1137. 125.0 
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1192. 136.0 
1247. 134.0 
1302. 131.0 
1356. 136.0 ° 
1411. 148.0 


1466. 160.0 
L52L. 159.0 
1576. 158.0 
1631. 162.0 
1686. 162.0 
1741. 159.0 
1796. 156.0 
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TIME 
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APPENDIX C 


SPECIAL RAWINSONDE AND PILOT BALLOON DATA 
DUGWAY PROVING GROUND 


NOTE 
Rawinsonde data were obtained every three hours for 
parts of four days and all of one day. Pilot balloon 
observations were obtained between rawinsondes. 


On two days, rawinsondes were taken at 1200 and 1400. 
On a third day a rawinsonde was taken at 1200 and on 
a fourth day at 2100. 
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PILOT BALLOON DATA 


CATE TIME PLACE 
24/02/77 14:00:00 DPGWV 
HGT. WIND DIR’ WIND SPEED 
(Mm) (DEG) (M/S) 
766 333-0 6.3 
146. 331.0 5-8 
204. 332.0 4.9 
259. 333-0 Gel 
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369. 335.0 4.6 
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808. 325.0 3.6 
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. CATE TIME PLACE 
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PILOT BALLOON DATA 


DATE TIME PLACE 
24/02/77 20200:00 OPGWV 
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HGT. WIND DIR WIND SPEED 


«M) (DEG) (M/S) 
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643. 6.0 4.6 
698. 6.0 4.9 
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PILOT BALLOON DATA 


DATE TIME PLACE 
25/02/77 05:00:00 OPGWV 
HGT. WIND OIR WIND SPEED 
(M) (O0EG) (M/S) 
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PILOT BALLOON DATA 


CATE TIME PLACE 
25/02/77 11200200 OPGWV 


HGT. WIND DIR’ WIND SPEED 


(Mm) (DEG) (M/S) 

76.6 325.0 605 
146. 330.0 5.7 
204. 336.0 5.4 
259.6 342.0 54 
314. 344.0 504 
369. 343.0 6.5 
424. 344.0 722 
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PILOT BALLOON DATA 
‘ 


DATE TIME PLACE 
25/02/77 14200200 DPGWV 


(™) (DEG) (47S) 
76. 346.0 5.6 
146. 348.0 405 
| 204. 358.0 4.9 
259. 357.0 564 
314. 357.0 6.3 
369. 359.0 Te2 
424. 2.0 6.0 
479.6 357.0 5.7 
533. 350.0 6.3 
588. 349.0 69 
643. 349.0 8.0 
698. 347.0 9.4 
753.6 345.0 9.8 
808. 345.0 11.6 
863.6 344.0 12.9 

918. 342.0 10.0 i 

972. 338.0 7.3 : 

| 1027. 338.0 5.8 
1082. 334.0 47 
1137. 334.0 52 
1192. 328.0 4.5 
1247. 331.0 el 
1302. 341.0 5.3 
1356. 341.0 5.4 

| 1411. 341.0 504 f 
1466. 346.0 6.0 
1521. 349.0 5.8 
1576. 349.0 5.8 
1631. 349.0 667 
1686. 349.0 7.2 
1741. 349.0 Te2 
1796. 349.0 6.7 
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PILOT BALLOON DATA 


DATE TIME PLACE 

28/02/77 09200290 DPGWV 
WIND DIR WIND SPEED 

(DEG) (M/S) 

Tb. 145-0 15.0 
146. 148.9 
2046 153.9 
259. 156.0 
314. 164.) 
369.6 17C.0 
424.6 172.0 
479. 176.0 
BS Sie 186.0 
5AB. 186.0 
643. 182.9 
6986 183.9 
753-6 182.) 
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146. 170.0 2.6 4 
20%e 163.0 3.8 ja 
259. «17240 402 i] 
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L741. 243.0 6.23 e ; | 
; 1851. 261.0 6.3 14 
1905-6 253.0 7.6 { 
1960. 253.0 8.0 
20156 255.0 7.2 ‘ 
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